Ground Granulated Blast Furnace Slag has been constantly in use as cementitious replacement for sustainable infrastructure. But little is known about interaction of GGBS based concrete with marine environment. These days due to therapid development in offshore engineering marine environment and its simulation has come under limelight. Temperature fluctuation has also become a subject of interest for concrete structures.In our study we have casted sixteen numbers (16) of cylinders of M25 grade (BIS code specification) out of which 8 were incorporated with GGBS. Four cylinders of normal concrete and four cylinders of GGBS based concrete were exposed to artificially created marine environment in a temperature controlled curing tank. 3% NaCl+CaCl2 by weight solution is prepared for substitution of marine water.The ambient temperature in the curing tank is fluctuated between 25C to 50C for 60days to study the changes in GGBS based concrete strength in elevated temperatures. Nowadays Glass Fibre Reinforced Polymer has become a favorite choice for sustainable retrofit for concrete structures. An attempt has been made to retrofit the concrete exposed to marine environment. The results shows a substantial increase in strength after retrofitting.
Introduction
Complex chemical and physical interaction between seawater and Reinforced Concrete substantially deteriorates its durability. Governments and several private organization expends a lot of revenue in repairing these structures by using conventional methods. Glass Reinforced Fiber Polymer (GFRP) sheets has been in use for structural retrofitting applications. However in marine structures GFRP retrofitting is not done extensively and less number of study has been made. Due to rapid industrialization large scale waste products are generated, recycling these waste products has been a challenge. Ground Granulated Blast Furnace Slag (GGBS) a waste product of Steel Industry, known to have cementitious properties. GGBS also possesses better Chloride resisting properties with a finer pore structure as compared to OPC cement (Bamforth, 1995) . Replacement of fine aggregates with GGBS serves a dual purpose in this study.
Numerous research studies have been done on the confinement of concrete columns (Pessiki et al. 2001; Spoelstra and Monti 1999; Mirmiran and Shahwy 1997) . Restraining the concrete column increases its strength and failure is achieved at high values of strain. GFRP is also suitable for marine environment as it has inherent property of moisture resistance, high strength/ stiffness, ease of application and low maintenance cost. Many studies are done by exposing the samples in various environments, such as freezethaw, wet/dry cycles, and alkaline solutions. (Kshirsagar et al., 2000) studied the effect that alkaline solutions, temperature, and freeze/thaw cycles had on the mechanical properties of FRP-wrapped concrete columns with conventional epoxy resin. It was seen that 66°C water was the most harsh environment and it decreased the strength of the confined concrete cylinders by 36% for a period of 333 days. (Toutanji, 1999) studied the durability of FRP-wrapped concrete cylinders exposed to wet/dry cycles with saltwater. Two various types of glass fibers, carbon fibers and conventional epoxy resins, were investigated. The results showed that after 300 cycles the carbon-FRP wrapped cylinders did not experience significant strength loss, whereas the glass-FRP wrapped cylinders decreased in strength by 18%.
Chloride ions are a major cause of reinforcement corrosion, cost of repairing of reinforcements in a marine structure is extremely difficult and has a high cost. Whereas due to fine pore structure of GGBS based concrete reinforcement corrosion can be reduced significantly.
Entrepreneurship Outlook
In developing countries especially SAARC countries such as India, Sri-Lanka, Bangladesh have large number of marine structures. Some structures are very old and need repair and rehabilitation, but no such specialized organization is present in this part of world to undertake these activities. Government bodies often give contract to such agencies who are general purpose contractors and are not competent with the technical knowhow. Our study gives a technical boost to this area, and gives a general idea to proceed with this business venture. 
Experimental Procedure

Materials
Fly Ash based Portland Pozzolana Cement, conforming to IS 1489(1991), is used for the experimental study. Ground Granulated Blast Furnace Slag (GGBS) used is retrieved from Steel Authority of India Ltd, Durgapur. The sand used in this study fall under zone 2 as specified by IS 383. The coarse aggregates, 16mm and 20 mm nominal sizes were used for this study, these materials are in common use in Asansol-Durgapur region of West Bengal, India. No chemical admixtures such as super-plasticizers and air entraining agents are used.
Fine aggregates are replaced with GGBS keeping in mind the environmental concerns and developing a sustainable material. The details of concrete mixes are given in Table 1 . Concrete cylinders (16 numbers) with 150mm diameter and 300mm height were cast in steel formwork in laboratory, concrete with slump 30-50mm is used and table vibrator is used for compacting the concrete. The cylinders were demoulded after 24hrs and exposed to underwater curing for 28days. 
Curing and artificial marine exposure
After 28days of normal underwater curing at 23-27 0 C, then the samples were kept at outdoors (temperature 18-32 0 C and RH was about 50%) for 6 days. After drying the saturated moisture twelve (12) number of the samples were kept in room temperature as and the rest four (04) were exposed to artificial marine environment for 15 days. Artificial marine environment (AME) was simulated in a temperature controlled curing tank of dimensions 2m X 1.5m X 0.5m. A solution of 3% NaCl + CaCl2 with 0.5% MaSO4 was prepared in the curing tank, the solution was circulated throughout the curing tank using a standard electric pump. The temperature was not varied for an initial period of 15 days, after that two (02) cylinder already exposed to AME was wrapped with GFRP sheets and another two(02) cylinders kept at room temperature was wrapped with GFRP sheets and were placed in AME, two cylinders kept in dry condition was placed in AME without any GFRP wrapping. The temperature inside the tank was varied form 25 0 C to 50 0 C for 60days. 
GFRP Sheet as a Retrofitting Material
GFRP sheets manufactured by a company named 'Vetrotex' were used in this study (Fig 4) . The GFRP sheets were made of continuous longitudinal E-glass-fiber strands and were bonded with the concrete specimens using polyether resin. 
Testing Procedure
Test Setup
Specimens were tested in Universal Testing Machine (UTM) of capacity 1000kN manufactured by HEICO, India. The specimens were loaded axially and the load was applied gradually by a rate of 5kN/min. Axial Strain was measured by the in-build facility in the instrument. Time, Applied Load, Axial Strain were the data obtained from the data acquisition system. 20mm holes were drilled upto a depth of 50mm for determining the chloride percentage by the mass of cement. 
Experimental Results and Discussion
Chloride Penetration.
Chloride Ingression profiles of the samples were determined by potentiometric titration. Since the exposure time was less, i.e. 60days, the chloride percentage by the mass of cement was found relatively less as compared to the works of Mackechnie and Alexander (1997). Rigorous temperature variation caused significant decrease in compressive strength of unconfined samples, while the confined samples were not significantly affected by temperature variation. From the chloride profiles it is quite evident that GGBS based concrete has considerate amount of chloride resistance properties. Normal control sample shows a 1.6% of Chloride by mass of Cement at a depth of 5mm from the surface. While GGBS based concrete(40%) shows only about 0.9% Chloride penetration. Increasing the GGBS% in concrete decreases Chloride penetration. Confinement with GFRP sheets significantly lowers down chloride penetration, here the effect of GGBS incorporation is negligible.
Strength: Unconfined Samples
The unconfined samples are used as control samples. It also gives an idea how the concrete behaves in Normal Exposure as well as in AME exposure. Test results shows that maximum strength is obtained in both the cases when GGBS content is 30% , but keeping in mind the sustainability and chloride penetration an optimum percentage of 40%-60% of GGBS is preferred. It is also noticed that on increasing the GGBS percentage the rate of strain increases thereby indicating the samples are failing at greater strains that means greater durability. 
Strength: Confined Samples
The confined sample were tested after 90days from the date of casting and the AME exposure was for 60 days. The samples showed a significant increase in compressive strength. The samples exposed to normal weather conditions showed a 127% increase in axial strength after wrapping with GFRP. While those confined samples exposed to AME showed a 180% increase in strength in case of GGBS content 40%-50%. Moreover the increase in strength fall under same range for all situations, thereby the effect of Artificial Marine Environment does not play a harmful role in the interaction between epoxy and seawater. The temperature fluctuation does not interfered with the performance of GFRP and the concrete, however some blistering in the bond was noticed but that was minor. Previous work shows that 66 0 C temperature is harmful for GFRP and reduce its strength by 36%, (Kshirsagar et al. ,2000) . In real marine environments temperature more than 60 0 C is highly unlikely to reach. 
Failure Modes
Unconfined samples failed due to crushing of concrete, confined samples failed due to rupture of GFRP sheets. Temperature conditioning made the failure more localized and sudden fracture of GFRP sheets were noticed. High Tensile forces were generated in GFRP during the rupture. There was no correlation between the exposure types and strain rates or failure modes, failure pattern was quite complex and no specific conclusions can be made.
Conclusion
Throughout the world construction managers faces serious challenges to prevent the marine structures from damages caused by marine environment. Large amount of cost is also involved in the process. GFRP sheets which are quite economical, are not much into use in marine structures and no such effective study has been made. The following conclusions can be made from our study.
Chloride Ingression levels are less in laboratory simulated marine environment, but more rigorous temperature variation can be simulated in laboratory.
GGBS decreases the permeability of concrete as a result chloride penetration decreases (36%).
Significant increase in strength (94% on an average) of marine water exposed concrete was reported after retrofitting with GFRP sheets.
Although GFRP sheets produces a high strength, durability of this composites becomes a major concern, the bond strength of the GFRP sheets with the epoxy resin decreases with increase in chloride levels.
Temperature effects (as reversal thermal co-efficient of GFRP sheets is 5-8 times the concrete) induces tensile stress in the circumferential region of the composite, thereby producing an unexpected rupture of the wrapping. However this temperatures are very unlikely to reach in real marine environment.
Over 60% marine structures (Stephen et. al ,1998 ) present in developing countries are subjected to serious deterioration by marine waters. From an entrepreneurship point of view the construction companies must venture into this area of retrofitting structures. As in many developing countries less attention is paid in repair and rehabilitation of structures so a new area of business can be born keep in mind the sustainability and cost effectiveness of the materials used in the study.
